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1 
This application concerns hydraulic !cower 
transmitting systems for transmitting driving 
force from a vehicle engine to propelling units 
of the vehicle, and relates more !carticularly fo 
hydraulic braking means associated with the 5 
system for !creventing uncontrolled vehicu!ar 
movement. 
It is customary in hydraulic power transmit- 
ring systems for vehicles to !crovide an engine 
driven pump for su!c!clying pro!celling fluid fo a 10 
hydraulic motor connected with traction wheels 
or the like of the vehicle. It has also been con- 
templated to em!cloy a variable capacity !cum!c 
as an ex!cedient for varying the s!ceed at which 
the motor and the traction means are driven. 15 
ïn the operation of a vehicle driven by a hydraulic 
system of the character just referred to, there 
are times when the motor will be caused fo op- 
erate as a !cump. Such condition arises when, 
for exemple, the vehicle is proceeding down- 20 
hill and the variable ca!cacity pump is adjusted 
to a non-delivery condition. The inertia of the 
vehicle, and sometimes of a load cou!cled there- 
behind, will then cause the unit normally acting 
as a motor to act as 
of the vehicle and load is large, the resistance 
offered by the motoï then o!cerated as a pump 
will hot be sufficient to oppose the vehicular 
movement. Such resistance of the motor to 
hicular movement has been heretofore augment- 30 
ed by means of 
the exhaust line of the motor. 
The principal object of this invention is the 
provision of an im!croved braMng valve of this 
character, and hydraulic controls for this valve. 
A more s!cecific object is the provision of a 
novel hydraulic braking unit including a braking 
valve closable when a plunger, within the unit 
is moved in one axial direction, a chamber re- 
ceivable of fiuid for urging the plunger in the 40 
valve closing direction, a bore extending axially 
through the plunger for providing communica- 
tion betveen the chamber m]d the outlet of the 
vehicle motor, and a second chamber communi- 
cative with the high pressure section of the hy- 
draulic power transmittioEg system for receiving 
fiuid therefrom under pressure actable upon 
portion of the !clunger for moving if in the oppo- 
site direction for ope.ning the valve, whereby the 
braking valve will have no throttiing effect upon 0 
the out!eut of the motor when power is being 
transmitted fïom the pum!c to such motor. 
The above and other desirable objects inherent 
in and encompassed by the invention will be- 
corne more f.ully comprehended after, r.eading 

the ensuing description with reference to the 
annexed drawing, wherein 
The single figure is a view, principally dia- 
grammatic, illustrating a preferred form of the 
invention incorporated into a power transmitting 
hydraulic circuit installed between a.n engine 
and propelling treads of a .crawler tractor. 
Vith continued reference to the drawing, there 
is diagrammatically shown an engine E of 
crawler tractoï haxàng endless propelling treads 
or units I  at opposite sides of the vehicle. These 
treads  ! are driven by respective drive sprockets 
. which are constrained for rotation withgears 
!. Driving pinions 14 respectively drivable by 
hydrau!ic motors M-! and M-2 are in meshed 
driving relation with the gears 3. The units 
are !cositively connected with their respective 
motors ]YI- and M-2 through the gearing 
--! ], wherefore hydraulic retarding of the mo- 
tors has a braking action on said units whieh 
therefore constitute !cro!cellable and brakable 
units. 
When the hydraulic motors lï- and M-2 are 
driven at the saine speed, the two pro!celling units 
 ! will be driven at the saine s!ceed and cause the 
vehicle to proceed along a straight course. 
multaneous variation in the speed of motor M- 
and _V/_-2 in like amounts will change the speed 
of the vehi.cle in a straight course, whereas o!cer- 
ation of the motors _I-$ and M-2 at different 
speeds will cause the pro!celling units ! ! to o!cer- 
are af different speeds and change the course of 
the vehicle from the straight line course. 
A hydraulic system for controlling the speeds 
of the motors iï-! and M-2 and for transmitting 
driving force thereto from the engine E includes 
!cure!es P and P2 having their driving elements 
cou!c!ed to an engine driven shaft . Each of 
the !cure!es is of variable capacity and has a 
pacity varying control element $ operatively 
connected thereto by diagrammatically shown 
connections ]. It will be assumed that, when 
either control element  occipies a position at 
the "C" limit of its adjustable range C---ri, the 
associated pump P or P2 will be adjusted for 
causing zero output of fluid; that when the ele- 
ment  is moved to the "H" !irait of its adjust- 
able range, maximum output of the associated 
pump will be attained and that adjustments in 
between the range limits C and H will cause 
pump delivery pro!cortional to the distance the 
element is moved from the limit C toward the 
Pump P| has an inlet 8 communicating with 
a reservoir $Sthrqugh conduits 19alltd  I: Otlt- 
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Jet, 22, of this pump communicates with an inlet 
23 of the motor M-! through a conduit 24, a 
check-valve 25 and conduits 26 and 2?. An out- 
let 28 of the motor M-! communicates with the 
low pressure section of the hydrauiic system in- 
cluding a braking valve 29 of a hydraulic braking 
unit ?{}. This low pressure section of:the system 
includes-a, conduit.32 leading to theunit ?0, and 
conduits 33 and 34 which communicate with the 
reservoir 35 through conduits 35 and 7 respec- 
tively, including a cooler 8 and a filte . Con- 
duit 36 contains a passage conStrictin unit.-'4 
for increasing the amount of oil flowing tlifolgh 
the tirer. A pressure relief-valve,.-is atso cenr 
nected between the conduit '34.and:the reser- 
voir 35. 
A high pressure section of the .sysem com- 
prises conduits 24 and 27 and a-lso 0ndùits 4 
and 43 which lead respectively toa pressuê relîêf 
valve 45 and a control cha.mber ? of the brak2ng 
irait 7. Another conduit 47 .communicates be- 
tween the discharge end .of the pressure rel.ief 
valv.e 45 nd the conduit $4. 
Eiuid for the.pump. P2 entersits fllet. 4 frein 
the reservoir 35 throug h the conduit  end a 
conduit 4. The.outlet5| of the-pumpcommu 
nicates with an inlet 23' of the motor M2 
through .a conduit 24', check vaive 25' and-con- 
duits 6' and .2.?'. Theseparts.ass.ociated with 
the output of the .pump. la2 and desig.nated by 
tha reference character including a prime corre- 
spond, respectively fo eements associated with 
the output of pump-P| designaed by the saine 
ref.erence, characters without.-the prime. Check 
valves .6{} and .6{Y-are communicativelyconnected 
between the.low pressure'conduit 4 and the 
motor inlets 23 and3',, respectively. 
Slnce: the hydmulic-braking units ?,0 and. ?{Y 
are.identical, only the unit ? 0 is herein illustrated 
anddescibedin detail. This unit ?{} comprises 
a casir ?- slidably containing a plunger 72 
wherein there is a bore 73 extending between 
opposite ends. The braking valve 2:9. at the left 
end.of the casing is closed ,by the,plunger 72 
when-it is allowed to.be moved te .the left under 
the force of a.spring ? in a spring cham- 
ber--?.5. The valve 29 is in selies with a 
chmber-like passage 55 between the conduits, 
32. and. 33. A fluid operated device comprising a 
cylindrical enlargement 16 on an intermediate 
portion,of the plunger 72 is adapted.to move the 
plunger to the right in opposition to..the-spring 74 
When fluid-is introduced into the annular control 
chamber ?$ .through the conduit 43. The pres- 
sure of fluid in the conduit 2 is transmitted 
through the plunger bore ?$ into the spring. 
chamber ?-5 and thereby diminishes the amount 
of force necessary fo be exerted by the spring 
74 and consequently the size of such-spring. 
lluid which may leak from the spring chamber 
?.5. past a bearing 79 for a reduced diameter end 
prtion $0 of theplunger ?2- is caught in chamber 
$|,from which if is drainàble through a.conduit 
32-into the low pressure section of the system. 
A similar conduit $3 la provided for a chamber 
3 into which fluid may leak from the control 
chamber ?,$ past the enlarged piston portion ?,6. of 
the plunger. 

Opera$ion o! $he appara$us 
70 
.The. parts are illustrated in the positions occu- 
pied when:thevehicle is being driven ata meder- 
are speed along a straight course. Each..of,the 
control levers. 6 ris substantially :midway of:its 
l ùsta]e. r'ge whëebY- the pumps-:P ! : nd ip  

4 
are caused to deliver fluid at a moderate rate. 
So long as the vehicle is traveling under load con- 
ditions, that is, under conditions requiring power 
from the origine for driving the propelling units 
 ||, fluid from the pump P| will be under high 
pressure and in passing through the motor M-| 
rom it- inlet, 23 -fo its 0utlet23 wfll,,cause: opera- 
tion of this ,motor- and ,of its, propetIing unit | |. 
lluid discharged from the motor outlet 23 will be 
'10 .conducted through the conduit 2 fo the valve 29 
and la_at, this valve through the chamber passage 
  fo the conduit 3 for ultimate delivery into 
the reser'oiç 35. The high pressure fluid in the 
'conduit. 3,"wbich is part of the high pressure 
1 ,sectiSn :of .the-hydraulic system, is imposed into 
the brking .finit-chamber 73 where suflïcient 
pressure is deyeloped thereby for moving the 
piton:leënlargement 76 and the valve plunger 
?.2 o' the-right while compressing the spring . 
20 The valve 29 will thus be' widely opened so as to 
avoid- having,- a throttling effect: upon the ,fluid 
discharged,ïrom the motor.outlet 3 during i the 
transmission of power frein the, pump p| t.the 
motor-M-|'. This s.ame conditionprevails. on.,the 
25 rght side-ofthe vehicle with respect te fhe.pump 
P-% the.metm: M-2 and the.hydraulic-motor brke- 
unit 70'. 
Assume now that the vehicle is towing a leaded 
trailer,, and assume that this:vehicli.tiain-com 
30 mences to descend a .gradeof sufficient steep- 
ness that inertia-ef the train WOïlid ,cause, it..to 
proceedat a spee.d, in excess of, the.-desiredspeed. 
Under thesecircumstances the-operator will-set. 
the centrol loyers  {}--in a. position, causing fluid 
35 detivery to the pumps P |--and Pat -rate-corre- 
spondinF-t0 the ,desired rate of .vehicle tael. 
Pressure in the. normally .hig.h prissure section of 
the system, including, the conduits.$,and-43, ,w411 
thm, eupon drop, .enabting tbe spr-ing ?,4of-the 
4e hydraulic braking .unit .t{} to-place thevalve 29 
in a th,ottling-.conditien creatng: resisance to 
discharge of fluid from the motor M- | ,nd conse.- 
quent!y, creating a braking .effect upon ,the ver 
hicle. The_. saine 'action will-be taking -place. for 
themotor M-2 and its. baking .unit ?0.'. 
45 
Should, the. operator final that.the-vehicte-train 
is descending the.grade at :greater.speed than 
desired, he will simply movi. the control members 
I. further toward the 'C" limif of their- adjpst- 
5o able-range fo diminish the output of the:. pumps 
P l. and-P2, thereby further diminishing, the pres- 
sure in the conduits 3 and ,4' and the baking 
unit chambers ? and 73', whereby, thespringsas 
7-4. can-press the valveS as 29 into .an-increased 
thrttting relation with corresponding gr,eater 
55 bra.king effect. With this system of-pressure re- 
sponsive fluid braking there is. effected auto- 
matic braking action which cuses the:vehicle to 
proceed downhfll without gaining any. speed and 
60 without-the necessity, of the operator applying a 
brake or changing the setting of the hydraulic 
pumps. 
Normally, the check valves 6{} and;0' will re- 
main-c_lsed. Their_ sole p!npose. is t0 establish 
65 communication between the low, pressm:e.section 
of the system-and their respectively associated 
high pressure section, for supplying fluid to the 
inletsof, motors M-| and M-2-to prevent Starv- 
ing of the inlets of these motors-under an emer- 
gency condition where the-vehicle train-may be 
descending a grade of suflïcient.steepness fo cause 
the vehicle train fo continue moving, Subseque-ê 
to movement-of the control levers |6 fo the posi- 
tion causingno, delivery ofthe pumPs P andP2 
for-tl6pur-pose 6f:stopping-.tlïe sme, If:tlàe Otl- 
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put of the pumps P and P2 should be stopped 
and the momentum of the vehicle should con- 
tinue fo carry if along the course, the motors 
oE- and 1V£-2, then operating as pumps, would 
very quickly empty themselves and the high pres- 5 
sure sections of the system of fluid so there 
would be none to discharge past the braking 
valves as -9 (assuming the valves $9 and 60' not 
present), so that substantially all braking re- 
sistanec would be lost. ttowever, this condition ] 0 
cannot prevail when the valves 60 and 6' are in- 
stalled, since the motors lYl- and lYl-2, operating 
as pumps, wou!d draw fluid through these valves 
from the low pressure section of the system for 
pumping past the braking valves as 
vehicle would normally be supposed to stop when  
the control levers 6--6 are moved to the posi- 
tion "C" causing the pumps 91 and 92 fo deliver 
and receive no fluid. Consequently, the springs 
as 74 in the braking devices 7{} and 78', when 20 
unopposed by the pressure of fluid from these 
pumps into the chambers as 78, will prevent dis- 
charge of fluid past the valves excepting by 
normal pressure of fluid discharged by the 
"pump-operated" motors, hoEi--M2. Fluid pass- 
ing the valves as -9 under these circumstances 
reaches the low pressure side of the system 
through the conduits 3---3'. 
ttaving thus described a preferred embodiment 
of the invention with the view of clearly and , 
concisely illustrating the same, I claim: 
1. In a hydraulic power transmission system 
for driving a propellable and brakable unit, 
variable capacity pump having an inlet communi- 
cative with a low pressure section of said system 
and an ourlet connected with a high pressure. 
section of such system, a hydraulic motor driv- 
ingly connected with said unit, said motor hav- 
ing an inlet connected with the high pressure 
section of the system and an ourlet connected 
with the low pressure section of the system, 
braking valve interposed between the ourlet side 
of the motor and the low pressure section of the 
system, means including a fluid operated device 
energized by the pressure of fluid discharged 
from the motor ourlet tending to close said valve, 
means responsive to the transmission of fluid 
under pressure from the pump to the motor for 
opening the braking valve, and a check valve con- 
nected between the motor inlet and the low pres- 
sure section of the system for supplying fluid to 
the motor independently of the pump. 
2. In a hydraulic power transmission system 
for driving a propellable and brakable unit, 
variable capacity pump having an inlet communi- 
cative with a low pressure section of said sYstem 
and an ourlet connected with a high pressure 
section of such system, a hydraulic motor driv- 
ingly connected with said unit, said mofor hav- 
ing an inlet connected with fhe high pressure 60 
section of the system and an ourlet connected 
with the low pressure section of the system, 
braking valve interposed between the ourlet side 
of the motor and the low pressure section of the 
system, said valve being operable to resist dis- 
charge of fluid from the motor outle and there- 
by serve as a motor brake, means responsive fo 
the transmission of flnid under pressure from 

6 
the pump to the motor for contravening the 
braking function of the braking valve, and brake 
valve control means operable responsively to the 
pressure of fluid transmitted from the motor out- 
let to the brake valve for tending to establish the 
braking function of such valve. 
3. In a hydraulic power transmission system 
for driving a propellable and brakable unit, 
pump having an inlet communicative with a low 
pressure section of said system and an ourlet con- 
nected with « high pressure section of such sys- 
rem, a hydraulic motor drivingly connected with 
said unit, said motor having an inlet connected 
with the high pressure section of the system and 
an ourlet connected with the low-pressure sec- 
tion of the system, a hydraulic braking unit com- 
prising a casingi a fluid-conducting passage ex- 
tending through said casing and connected be- 
tween the motor ourlet a.nd the low pressure sec- 
tion of the system, a braking valve in said casing 
in series with said passage and comprising 
plunger movable endwise in one direction for at 
]east partly closing such valve and thereby 
throttling the flow of fluid through the passage 
to produce a braking action for the motor, said 
plunger having a section having an annular en- 
largement circumscribing the same, said casing 
having an annular control chamber circumscrib- 
ing said plunger section and adapted fo receive 
fluid under pressure for exerting a force «gainst 
said plunger enlargement for moving the plunger 
in the opposite direction fo open said valve, said 
plunger having a reduced diameter end portion, 
said casing having a spring chamber receiving the 
reduced end portion of the plunger end adapted 
fo receive pressure flnid for exerting a force 
against the plunger to urge the same endwise in 
the one direction for closing the valve, a spring 
in said spring chamber fo urge the plunger in the 
one direction, conduit means communicating be- 
tween the spring chamber and the motor ourlet, 
and conduit means communicating between the 
high pressure section of the system and said 
control chamber. 
4. The combination set forth in claim 3, where- 
in the end of the plunger opposite from the 
duced diameter end portion is subected to the 
pressure of fluid discharged from the motor out- 
let fo urge the plunger in the axial direction for 
ipening said valve, and wherein the conduit 
means communicative between the spring cham- 
ber and the motor ourlet includes an axial bore 
through the plunger. 
WILLIAM W. HENNING. 
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